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Two species of membrane-associated glycoproteins have been identified in the corona- 
virus virion. They are readily distinguished on the basis of size, radiolabeling character- 
istics, and location in relation to the lipid bilayer. The larger glycoprotein is highly 
labeled by both radiolabeled fucose and glucosamine. This species is found in two forms, 
GP180 and GP90, with apparent molecular weights of 180,000 and 90,000. GP180 can be 
converted to GP90 in vitro by treatment of virions with trypsin. Analysis of tryptic 
digests of GP90 and GP180 give identical peptide patterns. Based on pronase and 
bromelain sensitivities, GP180/90 is the only protein which is located entirely external to 
the viral envelope. It appears to comprise the characteristic long, petal-shaped peplom- 
ers of the virion. The smaller glycoprotein, GP23, has an apparent molecular weight of 
23,000 and is labeled by radiolabeled glucosamine but not by fucose. The level of 
glucosamine-labeling of GP23 is about 1/10 that of GP180/90. GP23 appears to possess 
two distinct domains: a smaller, carbohydrate containing region which is found outside 
the viral envelope, and a larger portion, highly labeled by methionine, which is inte- 
grally associated with the viral membrane. A new nomenclature is proposed for the 
three major coronavirus structural proteins. The two envelope glycoproteins, GP23 and 
GP180/90 are designated E1 and E2, respectively; the inner core protein, VP50, is 


designated N. 


INTRODUCTION 


Coronaviruses have a distinctive ap- 
pearance (McIntosh, 1974). In negatively 
stained preparations the external surface 
of the virion envelope is covered with pe- 
plomers, 20 nm long, which are widely 
spaced and irregularly shaped, broader pe- 
ripherally than at. the base. This produces 
the appearance of a corona surrounding 
the virion from which the descriptive 
name coronavirus is derived. 


' A portion of this work was presented at the 74th 
Annual Meeting of the American Society for Micro- 
biology (Abstracts, p. 219, 1974). 

* Address reprint requests to Dr. Lawrence Stur- 
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York State Department of Health, Albany, New 
York 12201. 
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The structural proteins of the coronavi- 
rus A59 virion have been identified by so- 
dium dodecyl] sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) (Sturman, 
1977). Under standard conditions, six ma- 
jor polypeptide species are found with ap- 
parent molecular weights in the range 
from 180,000 to 23,000. Several of these 
species have been shown to be different 
forms of the same molecule. If the viral 
proteins are solubilized in SDS at 25° or 
37°, only four size classes of polypeptide 
species are seen: GP23, VP50, GP90, and 
GP180. The use of boiling in sample prepa- 
ration causes the appearance of two or 
more additional species accompanied by a 
proportionate decrease in GP23. The elec- 
trophoretic mobility of GP23 is reduced 
further by boiling in the presence of B- 
mercaptoethanol (8-MSH) or dithiothrei- 
tol (DTT) (Sturman, 1977). 
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Based on susceptibility to proteases in 
the intact virus, GP90, GP180, and GP23 
are envelope proteins. GP90 and GP180 
are completely accessible to pronase and 
bromelain and appear to reside outside the 
viral membrane (Sturman, 1977). How- 
ever, only about 20% of the GP23 molecule 
is digested under the same conditions. The 
major portion of GP23 is presumed to be 
within the viral envelope (Sturman, 1977). 
The surface projections of enveloped vi- 
ruses have been shown to be glycoproteins 
(reviewed by Lenard and Compans, 1974). 
In the present study the membrane-associ- 
ated coronavirus glycoproteins are charac- 
terized. Based on tryptic peptide analysis 
and cleavage by trypsin in vitro, GP90 and 
GP180 are shown to be the same. The iden- 
tity, radiolabeling characteristics, and lo- 
cation of the two coronavirus glycopro- 
teins, GP180/90 and GP23, are the subject 
of this communication. 


MATERIALS AND METHODS 
Polyacrylamide Gel Electrophoresis 


The procedures employed for the high 
pH-discontinuous buffer SDS-PAGE have 
been described previously (Sturman, 
1977). The conditions used for preparation 
of the sample are given in the text. 


Tryptic Peptide Analysis 


{=S|Methionine-labeled viral proteins 
were first separated by PAGE without 
boiling or addition of reducing agents and 
then recovered from crushed SDS-poly- 
acrylamide gels in 0.05 M ammonium bi- 
carbonate and 0.05% SDS by freezing and 
thawing twice and incubation at 37° for 16 
hr. The residual gel was removed by filtra- 
tion through a 0.45-m Swinnex filter unit 
(Millipore Corp.). Most of the SDS was 
precipitated with 1 M KCl. The separated 
viral proteins were dialyzed against 1% 
ammonium bicarbonate plus 0.13% Triton 
X-100 for several days at 4° with daily 
changes of buffer and then lyophilized 
twice. Each species, resuspended in 1% 
ammonium bicarbonate was treated with 
50 wg of trypsin for 16 hr at 37°. The tryptic 
peptides were lyophilized twice and resolu- 
bilized in 10% acetic acid at 25°. Ten micro- 
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liters of each mixture containing 50,000- 
100,000 cpm was placed on a 20 x 20-cm 
thin-layer cellulose plate (EM-reagent, 
Avicell microcrystalline, Brinkmann In- 
struments, Inc., Westbury, N.Y.), and 
two-dimensional chromatography was per- 
formed as described by Bellisario et al. 
(1973). The first solvent system contained 
n-butanol/acetic acid/water (200/30/75, v/ 
v/v), and the second separation was per- 
formed at right angles in n-butanol/pyri- 
dine/acetic acid/water (15/10/3/12, v/v/v). 
The sheets were developed by exposure for 
6-8 hr in each dimension and dried over- 
night after each separation. The methio- 
nine-containing polypeptides were de- 
tected by autoradiography with Kodak 
Royal Blue X-Omat X-ray film. 


Electron Microscopy 


Coronavirus virions concentrated and 
purified by polyethylene glycol precipita- 
tion and sucrose density gradient sedimen- 
tation (Sturman and Holmes, in prepara- 
tion) were incubated with enzymes, fixed 
with 1% glutaraldehyde in TMEN buffer, 
pH 6, (Sturman, 1977) for 5 min, and nega- 
tively stained with 2% phosphotungstic 
acid or sodium silicotungstate on carbon- 
coated Formvar grids. Random fields of 
the grids were examined with a Philips 301 
electron microscope at 60 kV. 


Chemicals and Isotopes 


Most of the chemicals which were em- 
ployed have been described previously 
(Sturman, 1977). In addition, 1-butanol 
and glacial acetic acid (both reagent 
grade) were purchased from J. T. Baker 
Chemical Co., Phillipsburg, N.J. Pyri- 
dine (Spectroquality) was obtained from 
Matheson, Coleman & Bell, Norwood, 
Ohio and trypsin (Type XI), DCC treated, 
dialyzed, salt-free, and lyophilized, from 
Sigma Chemical Co., Saint Louis, Mo. 
Lima bean trypsin inhibitor was pur- 
chased from Worthington Biochemical 
Corp., Freehold, N.J. A purified fraction of 
bromelain prepared by the method of 
Scocca and Lee (1969) was kindly supplied 
by Dr. A. Tarentino. No glycosidase activ- 
ity was detected in this preparation with 
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p-nitrophenol glycosides of B-n-acetylglu- 
cosamine, a- and $-mannose, a- and £- 
galactose, and a-fucose. 

L-(6"H]Fucose, 13.4 Ci/mmol, p-{1- 
4C]glucosamine hydrochloride, 56.6 mCi/ 
mmol, and p-[6-°H] (N)]glucosamine hy- 
drochloride, 7.3 Ci/mmol, were obtained 
from New England Nuclear Corp., Boston, 
Mass. p-({1-"C]Glucosamine hydrochlo- 
ride, 25 mCi/mmol, was also purchased 
from Amersham/Searle Corp., Arlington 
Heights, Ill. The labeled amino acids 
which were employed have been described 
earlier (Sturman, 1977). 


RESULTS 
Identification of Viral Glycoproteins 


For the identification of coronavirus gly- 
coproteins, A59 virus was grown in the 
presence of radiolabeled glucosamine and 
fucose. Glucosamine and fucose were se- 
lected because both of these labeled com- 
pounds have been shown to be incorpo- 
rated into viral glycoproteins mostly un- 
changed (Strauss et al., 1970 and Klenk et 
al., 1970). Viral polypeptides were ana- 
lyzed by high pH-discontinuous buffer 
SDS-PAGE. The procedure described by 
Laemmli was first employed; samples 
were heated at 100° for 2 min in 2% SDS 
with 5% B-MSH before being placed on the 
gel (Laemmli, 1970). The electrophero- 
gram in Fig. 1A of A59 polypeptides dou- 
bly labeled with amino acids and glycosa- 
mine shows that five of the six polypeptide 
species detected by this method were la- 
beled with glucosamine. Based upon their 
apparent molecular weights, these poly- 
peptides have been designated GP23 (GP 
indicates that the polypeptide species was 
labeled by glucosamine), GP38, VP50, 
GP60, GP90, and GP180 (Sturman, 1977). 
Only VP50 was found to be unlabeled by 
glucosamine. Among the other species, 
two levels of glucosamine labeling are ap- 
parent. The ratio of glucosamine:amino 
acid-label in GP90 and GP180 is approxi- 
mately tenfold greater than in GP23, 
GP38, and GP60. The pattern of labeling 
with fucose showed a corresponding but 
slightly different result. GP90 and GP180 
were highly labeled with fucose, whereas 
GP23, GP38, and GP60 contained no de- 
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tectable fucose label (Fig. 1B). A sub- 
stantial amount of fucose and glucosamine 
label was found also at the origin. This 
will be considered further below. The lack 
of fucose label in the smaller glycoprotein 
species was a consistent finding with A59 
virus produced in all four cell types ex- 
amined: AL/N, Py-AL/N, Balb-3T3, and 17 
Cl 1 (unpublished data). 

It has been reported that radiolabeled 
glucosamine may bind to some proteins 
nonenzymatically, giving rise to erroneous 
labeling results (Angello and Hauschka, 
1974). Since glucosamine label was present 
only in low levels in GP23, GP38, and 
GP60, the possibility of noncovalent asso- 
ciation between glucosamine and corona- 
virus polypeptides was examined. A clari- 
fied suspension of crude, freshly prepared 
released virus, labeled with ['*C]lamino 
acids was incubated with [*H]glucosa- 
mine, 2 «Ci/ml, for an additional 18 hr 
under the same conditions as are employed 
for virus production, but without cells. The 
virus was then purified and analyzed by 
SDS-PAGE. No glucosamine label was de- 
tected associated with any polypeptide in 
the gel (data not shown). In comparison, 
virus grown in the presence of [1*C]amino 
acids and [*H]glucosamine contained 3- 
4.5 x 10° cpm of [*H]glucosamine in peak 
fractions of GP38 and GP23. This result is 
consistent with the conclusion that the 
glucosamine label found in these species 
represents covalently bound labeled carbo- 
hydrate. 


Effect of Conditions of Preparation on the 
Number of Glycoproteins which are 
Labeled with Glucosamine but not 
Fucose 


The preparative conditions for SDS- 
PAGE markedly affect the migration of 
some coronavirus protein in polyacryl- 
amide gels (Sturman, 1977). SDS-PAGE of 
A59 virus dissociated in SDS at 100° con- 
tained species with apparent molecular 
weights of 38,000 (GP38) and 60,000 
(GP60). It has been shown that these spe- 
cies were not found in similar gels with 
samples prepared at 25° or 37° (Sturman, 
1977). It was also found that 6-MSH or 
DTT in the heated mixture brought about 
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Fic. 1. SDS-PAGE of the polypeptides of the coronavirus A59 virion labeled with amino acids, giucosa- 
mine, and fucose. The virus was grown for 26 hr in the presence of 1 2Ci/ml of ['*C]amino acids and 2 »Ci/ml 
of [*H]glucosamine, or 0.8 «Ci/ml of [C]glucosamine and 4 «Ci/ml of [?H]fucose. The purified virus 
containing 5% 8-MSH was heated to 100° for 1.5 min before being placed on the gel, and arrows indicate the 
position of the peak fractions of the virion polypeptides. In this and the following figures, migration is from 
left to right. (A) ['*C]amino acids (@- - -@) and [H]glucosamine (O——0); (B) [“C]glucosamine (O——0) 


and [*H]fucose (@- --@). 


an increase in the proportion of slower 
migrating species. The effect of prepara- 
tion at 25° in the absence of reducing agent 
on the migration of glucosamine- and fu- 
cose-labeled A59 polypeptides in SDS- 
polyacrylamide gels is shown in Fig. 2. 
Under these conditions, GP23 was the only 
species found which was labeled with glu- 
cosamine and not with fucose. 

A substantial amount of fucose and glu- 
cosamine labeled material is present also 
at the top of the resolving gel. Aggregation 
of some viral glycoproteins is especially 
pronounced whenever a sample is applied 
without boiling. From a comparison of the 
ratios of glucosamine, fucose, and valine 
labels in these aggregates and in the indi- 


vidual proteins, it is apparent that the 
aggregates consist primarily of GP90 and 
GP180 (Figs. 2, 3A). 


Protease Digestion of the Glucosamine-La- 
beled Portion of GP23 


The coronavirus glycoproteins GP23, 
GP90, and GP180 are degraded by treat- 
ment of the intact virus with proteases 
such as pronase and bromelain. However, 
only about 20% of the GP23 molecule is 
susceptible under these conditions. To ac- 
count for this result it has been postulated 
that GP23 is composed of two domains, a 
smaller region extrinsic to the viral enve- 
lope and a larger portion which is intra- 
membranous and perhaps spans the viral 
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Fic. 2. SDS-PAGE of the polypeptides of coronavirus A59 labeled for 24 hr with 3 «Ci/ml of (*H]fucose 
and 2 Ci/ml of ['*C]glucosamine. Virus was suspended in 0.060 M Tris-phosphate buffer (pH 7.0) contain- 
ing 2% SDS, 10% glycerol, and 0.001% BPB at 25°, no 8-MSH (or DTT). 
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Fic, 3. Effect of bromelain on coronavirus A59 virion polypeptides labeled with [*H]glucosamine and 
['*C]valine. Virus was grown for 24 hr in the presence of 2 «Ci/ml of [*H]glucosamine and 1 »Ci/ml of 
['4C]valine. One portion of purified virus was incubated at 37° for 2.75 hr with 1.0 mg/ml of bromelain and 0.1 
mM B-MSH, while the other served as a control. Bromelain treatment was terminated by addition of PCMB, 
1 mM final concentration. Virus was pelleted and resuspended in 0.060 M Tris-phosphate (pH 6.7), 2% 
SDS, 10% glycerol, and 0.001% BPB at 25°, and the virus was analyzed without heating and additional 
B-MSH. (A) control; (B) bromelain treated. [7H]glucosamine (@- - -@), ['*C]valine (O——O). 
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membrane (Sturman, 1977). In order to 
determine which region of GP23 contains 
the glucosamine label, it was proposed to 
analyze the PAGE pattern of carbohy- 
drate-labeled bromelain-treated virus. 
However, commercially available brome- 
lain (Sigma, grade ID is a crude prepara- 
tion which contains many glycosidase ac- 
tivities including @-N-acetylglucosamini- 
dase, a- and 8-mannosidase, a- and f- 
galactosidase, and a-fucosidase (A. Taren- 
tino, personal communication). Therefore, 
a purified protease fraction from brome- 
lain which possessed none of these glycosi- 
dase activities was used. SDS-PAGE of 
the polypeptides from bromelain-treated 
A49 virus doubly labeled with (?Higlucosa- 
mine and ['*C)Jamino acids revealed that 
the bromelain-resistant portion of GP23 
(designated p*18) did not contain glucosa- 
mine (Fig. 3B). Therefore, the labeled 
carbohydrate appears to be located on the 
segment of GP23 which lies outside the 
viral envelope. This carbohydrate-labeled 
portion of GP23 is not essential for the 
production of those species of lower mo- 
bility (such as GP38 and GP60) which arise 
after heating at 100° and in the presence 
of 8-MSH or DTT, since p*18 also gives 
rise to similar anomalous forms (p*31 and 
p*48) under the same conditions (Stur- 
man, 1977). 


Tryptic Peptide Analysis of Coronavirus 
Proteins 


GP90 and GP180 exhibited the same rel- 
ative patterns of labeling with several 
amino acids and carbohydrates (Sturman, 
1977 and above). The tryptic peptides of 
{=S}methionine-labeled coronavirus pro- 
teins were analyzed to determine whether 
there is a relationship between these two 
or between any of the other species. Indi- 
vidual viral proteins were recovered from 
crushed SDS-polyacrylamide gels. The 
{S]methionine-labeled tryptic peptides 
produced were separated by two-dimen- 
sional thin-layer chromatography and de- 
tected by autoradiography. The results are 
shown in Fig. 4. The peptide patterns ob- 
tained from GP90 and GP180 are nearly 
identical. The tryptic peptide patterns 
from GP23 and VP50 are distinctive and 
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different from GP90 and GP180. Thus the 
coronavirus virion contains two distinct 
glycoprotein species, GP23 and GP180/90. 


Conversion of GP180 to GP90 by Trypsin 


GP180 could be converted to GP90 by 
treatment of the virions with trypsin in 
vitro. As shown in Fig. 5, incubation of 
A59 virions with 10 ug/ml or 1 mg/ml of 
trypsin for 50 and 150 min, respectively, at 
37° resulted in the loss of valine and gluco- 
samine labels in GP180 and a comparable 
increase in both labels in GP90. The 
amounts of valine and glucosamine labels 
found in each of the virion polypeptides 
before and after trypsin treatment shown 
in Fig. 5 are given in Table 1. The data are 
expressed as ratios in this table so that the 
proportion of each label in the same po- 
lypeptide species in different gels can be 
compared. VP50 was used as the internal 
standard for (*H]valine and GP23 for [}4C]- 
glucosamine. The sum of the [*H]valine 
in GP90 and GP180 before trypsin treat- 
ment equaled 35% of that in VP50. After 
trypsin treatment, which produced an 
approximately 90% reduction in label in 
GP180, the amount of [*H]valine in GP90 
alone increased from 20% to 32-36% of 
that of VP50 (Table 1, Fig. 5). Similarly 
the amount of ['*C]glucosamine label 
found in GP90 after trypsin treatment was 
equal to 88-96% of the sum of the glucosa- 
mine label found in GP90 plus GP180 be- 
fore trypsin treatment (Table 1, Fig. 5). 
Thus GP90 appears to be quantitatively 
derived from GP180 by treatment of viri- 
ons with trypsin in vitro. Virus infectivity 
was only slightly affected by trypsin treat- 
ment. Depending on the concentration of 
trypsin and condition employed, infectiv- 
ity was changed by +0.3 log. None of the 
other structural polypeptides was affected 
by trypsin, and after isopycnic sedimenta- 
tion of trypsin-treated virus in a sucrose 
gradient (unpublished data) less than 1% 
of the amino acid label had been released 
from the virion. 

Electron microscopic examination of vir- 
ions after conversion of GP180 to GP90 by 
trypsin revealed no structural alteration of 
the surface projections of the virion (Fig. 
6a, b). In contrast to the lack of morpholog- 
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Fic. 4. Autoradiograms of the [*°S|methionine-labeled tryptic peptides from the structural proteins of 
coronavirus A59: GP180, GP190, VP50, and GP23, separated by two-dimensional chromatography on thin- 
layer cellulose plates. (A) GP180, (B) GP90, (C) VP50, and (D) GP23. 


ical change following trypsin treatment, 
pronase and bromelain produced complete 
removal of the surface projections from the 
virions (Figs. 6c, d). Previous studies 
(Sturman, 1977 and see 3B above) have 
shown that treatment of A59 virus by 
these proteases caused the loss of GP180 
and GP90, as well as partial degradation of 
GP23 and a reduction in virus infectivity 
by 4.5 log. 


DISCUSSION 


Two membrane-associated glycoproteins 
have been identified in the coronavirus 
A59 virion. They are readily distinguished 
on the basis of size, radiolabeling charac- 
teristics, and location in relation to the 
lipid bilayer: 

(1) The larger glycoprotein is labeled by 
both radiolabeled fucose and glucosamine. 
This species is found in two forms with 
apparent molecular weights of approxi- 


mately 180,000 (GP180) and 90,000 (GP90). 
Two dimensional chromatographic analy- 
sis of tryptic digests of GP180 and GP90 
reveals identical peptide patterns. GP180 
can be converted to GP90 in vitro by treat- 
ment of virions with trypsin. Based on 
pronase and bromelain sensitivities, this 
glycoprotein is the only viral protein 
which is located entirely external to the 
viral envelope. 

(2) The smaller coronavirus glycopro- 
tein, GP23, has an apparent molecular 
weight of 23,000 and is labeled by radiola- 
beled glucosamine, but not by fucose. The 
level of glucosamine labeling of GP23 is 
about 1/10 that of the larger glycoprotein. 
Treatment of coronavirus virions with pro- 
teolytic enzymes such as pronase or bro- 
melain causes complete removal of the 
surface projections from the virion and loss 
of GP90 and GP180. However, such treat- 
ment produces only a 20% reduction in the 
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Fic. 5. Conversion of GP180 to GP90 by trypsin 
treatment of virions. SDS-PAGE of coronavirus A59 
labeled with [*H]valine and ['C]glucosamine. Virus 
was grown for 24 hr in the presence of 4 Ci/ml of 
[3H}valine and 2 «Ci/ml of ['*C]glucosamine. The 
virus was purified and treated as follows: one por- 
tion was kept at 4° without trypsin, a second portion 
was incubated with 10 ug/ml of trypsin for 50 min at 
37°, and the third portion was incubated with 1 mg/ 
ml of trypsin for 150 min at 37°. The reaction with 
trypsin was terminated by addition of a threefold 
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apparent size of the GP23 molecule. The 
segment which is degraded includes the 
region to which the glucosamine label is 
bound. Although the remainder of GP23, 
designated p*18, is inaccessible to proteo- 
lytic enzymes in the intact virion, it is 
sensitive to proteolysis upon disruption of 
the viral envelope in 0.1% SDS. Thus GP23 
appears to possess two distinct domains: a 
smaller, carbohydrate-containing region 
which is found outside the viral envelope 
and a larger portion which is integrally 
associated with the viral membrane. Since 
only a smal] proportion of the GP23 mole- 
cule lies outside of the viral envelope, 
many of the potentially suitable amino 
acid residues of this species may be inac- 
cessible for glycosylation. This may ac- 
count, at least in part, for the lower level 
of glucosamine label in GP23 compared 
with GP180/90. However, the absence of 
fucose label in GP23 suggests that there 
are also compositional differences in the 
carbohydrate units associated with the 
smaller and larger glycoproteins. 

GP23 has been shown to be much more 
highly labeled by [*S]methionine than 
any of the other virion polypeptides (Stur- 
man, 1977). The significance of this finding 
is not known. Methionine is a nonpolar 
amino acid (Tanford, 1962) with a high 
potential for regions in proteins which con- 
tain 6-pleated sheet conformations (Chou 
and Fasman, 1974). 

Since the external portion of GP23 is 
quite small, the characteristic long, petal- 
shaped peplomers of the coronavirus virion 
are probably composed largely of GP180 
and/or GP90 in monomeric or multimeric 
form. By analogy with some myxovirus 
and paramyxovirus glycoproteins (Laza- 
rowitz et al., 1971; Klenk et al., 1972; Ske- 
hel, 1972; Scheid and Choppin, 1974), GP90 
presumably arises through cleavage of 
GP180. As in those cases, the precursor 
can be converted to the product, in vitro, 


excess of lima bean trypsin inhibitor. The virus was 
pelleted and resuspended at 25° in 0.060 M Tris- 
phosphate, 2% SDS, 10% glycerol, and 0.001% BPB. 
(A) control, (B) 10 ug/ml of trypsin, (C) 1 mg/ml of 
trypsin. [*H]valine (@---@), [C]glucosamine 
(O O). 
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TABLE 1 


Ratios oF INCORPORATION OF [7H]VaLINE AND ['4C]GLUCOSAMINE INTO UNTREATED AND TRYPSIN-TREATED 
Virion POLYPEPTIDES 


Relative incorporation of [*H]valine* 


Relative incorporation of ['*C]glucosamine? 


Polypeptide 

species (X) oe 10 pg/ml 1 mg/ml 0° 10 pg/ml 1 mg/ml 
GP180 15 2 2 131 10 8 
GP90 20 36 32 155 274 253 
GP23 146 148 151 100 100 100 
(X) 

pares (9 
VP50 
(X) 

b TY 192 
@Pag 1° 


* Amount of trypsin. 


Fic. 6. Electron microscopic appearance of A59 virions after treatment with trypsin, pronase, or brome- 
lain. (a) control virions; (b) trypsin treated, 1 mg/ml, 150 min; (c) pronase treated, 1 mg/ml 180 min; (d) 
bromelain treated, 1 mg/ml, 180 min. Virions were incubated with enzymes at 37°, fixed with glutaralde- 
hyde, and negatively stained. x 75,000. Bar, 100 nm. 


by incubation of the virus with trypsin. In 
vitro cleavage of GP180 is associated with 
only slight (twofold) changes in infectiv- 
ity. This is in contrast with the results 
obtained from trypsin treatment of several 
strains of influenza and Sendai viruses in 
which marked increases (up to 100-fold) in 
infectivity were found (Klenk et al., 1975; 
Lazarowitz and Choppin, 1975; Scheid and 
Choppin, 1974; Homma and Ohuchi, 1973). 

The enzyme(s) responsible for cleavage 
of GP180 in vivo has not been identified. 
The relative proportions of GP180 and 


GP90 in the virions were not affected by 
production of the virus in the presence of 
tosyl-L-lysyl-chloromethane (TPLK) or to- 
syl-L-phenylalanyl-chloromethane (TPCK) 
(both 10-4 M), inhibitors of trypsin- and 
chymotrypsin-like enzyme activities, or in 
media lacking fetal bovine serum, which 
is essential for plasmin-mediated cleavage 
of myxovirus glycoproteins (unpublished 
data). 

Another possibility which should be con- 
sidered is that GP180 is simply a dimer of 
GP90. In that case, aggregation must be 
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mediated through a_ trypsin-sensitive 
linker. 

When SDS-PAGE is performed on a 
sample which is applied without boiling 
and in the absence of any reducing agent, 
a substantial amount of A59 virus-specific 
polypeptide remains unresolved at the ori- 
gin of the separating gels (Figs. 1-3 and 5 
above, and Sturman, 1977). Based on the 
ratios of carbohydrate and amino acid la- 
bels, this form represents aggregates of 
GP180/90 which have either formed or 
failed to dissociate during preparation of 
the sample or during migration through 
the spacer gel. Treatment of intact virions 
with bromelain, which results in the re- 
moval of GP90 and GP180, also eliminates 
the appearance of such aggregates (Fig. 
3B). The significance of aggregation of 
GP180/90 in the intact virion will be con- 
sidered in another report (Sturman and 
Holmes, manuscript in preparation). 

Based upon the results described in this 
and in the preceding paper (Sturman, 
1977), the following designations are pro- 
posed for the three major coronavirus 
structural proteins: the two envelope gly- 
coproteins, GP23 and GP180/90 are desig- 
nated El and E2, respectively, and the 
inner core protein, VP50, is designated N 
(Table 2). 

Three antigens have been reported to be 
associated with the coronavirus virion 
(Tevethia and Cunningham, 1968; Men- 
geling, 1972; Hierholzer et al., 1972; and 
Bohac and Derbyshire, 1975). The rela- 
tionship between these antigens and the 
three virion structural proteins which 
have been identified is not known. The 
antigenic roles of E1, E2, and N are cur- 
rently being investigated. 
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